The use of a high-speed digital computer as a central control element provides great flexibility in an automatic teaching system.
Introduction
During the past five years, the Coordinated Science Laboratory at the University of Illinois has developed and experimented with an automatic teaching system called PLATO In order to explore the possibilities of automation In Individual Instruction. The PLATO system utilizes a high speed digital computer as the central control element for teaching a number of students simultaneously, while still allowing each student to proceed through the lesson material Independently.
Three models of PLATO have evolved, each embodying Improvements
Indicated by the previous model. The first consisted of a single student station connected to ILLIAC, a medium-speed computer built at the University of Illinois.
The second model had two student stations, which are shown In Figure 1 , was connected first to ILLIAC and then to a CDC 1604 computer and was used to study the problems created by multiple student 2 use of the system.
The slides and has a slide access time of less than a microsecond. Information stored in the slide selector is the type that would usually be found in a textbook or in class notes. Although the slide selector is shared by all the students, tie students can view the same or different slides simultaneously. This is accomplished by having the video information available from all slides concurrently, and electronically connecting the students' television display to the proper video output.
Electronic Blackboard
The electronic blackboard consists of a computer-controlled storage tube at each student station. Diagrams, symbols, and words are plotted in a polnt-by-point fashion on the student's storage tube. Approximately forty alphanumeric characters can be written on the student's JE. Figure 6 . In the tutorial teaching logic, the keys were divided into two types, those used tor inserting constructed responses to questions and those used by the student to control his progress through the lesson material. The lesson material was organised ^n two 6-quences: the main sequence consisting of the minimum material that must be used by all the students, and the help sequence that was provided for students who had difficulty with questions in the main sequence. In order to prepare lesson material for the original "tutorial logic", one had to organize the material into a set of slides with at least one help slide for each question in the main sequence as well as to prepare a parameter tape. The parameter tape contained the
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Correct Answer (Computer) The most recent version of the PLATO tutorial logic is much more generalised than its predecessors. It will be described in a later section of this paper.
Inquiry Logic
While the tutorial logic serves well for many purposes, there are types of problems in which even more control given to the student is important as well as an opportunity for the student to ask questions of the computer. To accomplish this the inquiry teaching 'ogics were written.
An inquiry teaching logic permits a student to request information. The computer correctly interprets the request and replies from stored information or calculated results. This logic provides, in effect, a syntax for the student to use in communicating with the computer.
The student is taught by composing his own requests.
In 
Interconnection of Student Stations
Although independence of student stations was initially thought desirable, many uses of station interconnection were later suggested. The interconnection was accomplished with a short addition to the resident computer program. This development has allowed teacher-student interactions, negotiation studies and concept development exercises.
New Logic for Problem-Solving
The more generalized version of the mathematical problemsolving logic has been written using the compiler. This logic, incorporating improvements indicated by experience with the prototype, now allows the student to formulate his own problems and conjectures and work them out with the same supervision as if they had been problems stored by the author of the lesson. The Judgment of student errors can also be postponed until the student requests that his work be marked. It is expected that this logic will be able to cope with problems in elementary algebra, logic and set theory, and some portions of geometry.
Student Records
One of the important features of the PLATO system is the "perfect workbook" of student performance which is kept by the computer.
The student records include a record of each button the student pushed and the time at which he pushed it. This information is available in two forms. One form is a printed history of events that can be immediately scanned by the teacher, such as shown in Figures 11 and 12 . Another form is one stored on magnetic tape that can be processed by the computer for a detailed statistical analysis.
Exploratory Studies Using the PLATO System

Student Performance and Queuing Studies
Several studies, some of which have already been mentioned, have been completed using both the tutorial and the inquiry teaching logics.
Lesson material drawn from mathematics, computer programming, and electrical engineering initially were programmed with the original tutorial logic.
Most of these studies employed approximately ten to twelve students as sub- The use of a high-speed digital computer as a central control element provides great flexibility in an automatic teaching system. Using a computer-based system permits versatility in teaching logics since changing the type of teacher merely requires changing the computer program, not the hardware. In addition, having access to the decision-making capacity of a large computer located as one unit permits complicated decisions to be made for each student. Such capacity would be prohibitively expensive to provide by means of decision-making equipment located at each student station. The results of exploratory queuing studies show that the system could teach as many as a thousand students simultaneously without incurring a noticeable delay for any student's request.
The educational results thus far have been extremely encouraging. However, reliable conclusions on educational achievement must await the results of more thorough experiments now in progress which include larger numbers of students learning under a variety of conditions. The adaptability and useability of the system for a variety of purposes in education and the behavioral and physical sciences have been clearly demonstrated.
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